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SONIC METHOD FOR MEASURING THICKNESS 
OF NON-METALUC MATERIALS 


fv ^ P U r;-~j 

\ j ti Jir 


I. INTRODUCTION 


Thl« is a report on w investigation, conducted at| 

■ / 

into the feasibility of measuring, by means of 
ultrasonics, the thickness of non>metallic materials. In this investigation 
the following criteria were kept in mindt 

1) The method must be capable of making the measurement without 
access to one side. 

2) The method should be capable; of covering a range from an inch to 
several feet. 

3) The method used must be silent. / ^ ^ 

4) The equipment used should be portable. 

In view of the first requirenient, there are two methods to be 
investigated: 


A. The first of those is the echo-pulse method, in which ie 
measured the time required for an ultrasonic pulse to travel the length of 
the sample, vindergo reflection, and return to the combined transmitter- 
receiver. The thickness can then be found, with the same accuracy to 
which the velocity of ultrasound in the material is known, by multiplying the 
velocity by one-half of the total travel time. The velocity need not be 
known or measured as such if a sample of the material is available for 
comparison of travel times, or if the measurement is repeated after 
removing a known thickness. In these cases a simple ratio calculation will 
give the thickness. For less accurate measurements an approximate value 
of the velocity can be used (e.g. , for concrete the velocity of sound is 
approximately 4000 meters /second). 
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B* second possible method would Involve tiie deter* 
minetton of the ultiresonie frequencies to which the object Is resonent. 

If the thickness is any integral number of half*wave lengths at the 
frequmney of excitation of a transducer in contact with the objeett the 
object will take more energy from the tyansducer* which effect will be 
reflected by an increase in the power the transducer draws from the 
exciting oscillator. 

n. DISCUSSION OF TECHNIOUES 

Each of the above methods vrould have its advantages and 
disadvantages. Some of the adviu&tages can be discovered by a simple 
consideration of the methods involved. Before considering these* the 
question of the frequency range in which the measurements are to be 
made should be discussed. There are some indications in the literature 
(12* 14) fnumbers in parentheses will rOfer to references as listed in the 
appendix) that the absorption of compresstonal waves in concrete rises as 
a function of frequency above 20 kcps (kiiocyeles per second). It has been 
stated (14) that a 20 kcps ultrasonic 'l^nye will penetrate 50 feet of concrete* 
while a 100 h^ps wave is limited to a penetration of about one foot. It 
would seem* however* timt the range could be Increased by increasing the 
power. For the moment* however* the calculations will be based on an 
allowable frequency range of 20 * 100 kcps. 

If the eeho»puloe meUiod Is to be used* a sufficient length of 


time* say at least five periods* must be allowed for the initial pulse to 
decay before the retura pulse can be detected. At 20 kcps this time is 0. 25 
milliseconds and at 100 kcps this time is 0. 05 milliseconds. During this 
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approximately 1.0 meter or 0.2 meter ^ respectively. Thus, the 
minimum measurable thickness would be 0. 5 meter (20 inches) to 0. 1 
meter (4 inches) depending on the frequency used. The upper limit on 
distance would be determined by tiie ability to detect the reflected wave. 

The lower limit could be further reduced by electronically damping the 
wave after one period which would give a reduction by a factor of 5 or 
less by going to higher frequencies. The latter solution might then call 
for an instrument which would have two ranges at two frequencies ^ 

The lower limit on distance for the resonance method would 
occur where the thickness of the object is one«half«wave length of flie 
highest frequency availaMe. This would occur, if 100 kcps were to be 
taken as the upper limit of the frequency sweep, at approximately one inch 
for concrete. By raising the upper limit of the sweep to 200 kcps $ the 
Tni ni»nu*n thickness would be reduced to P. 5 inch, and so on. Although 
this could more easily be done with one range here than in the echo»pulse 
method, a two range instrument might again prove more feasible^ As in 
the echo'pulse method, the upper limit could be determined by the absorption 
and scattering in the concrete. 

A word of warning shoiild be added here about the variability 
of the velocity of sound in concrete. Even in sound samples of concrete 
the velocity may vary as much as 10 percent from sample to sample (9)* 
depending on the amount of compacting or (although this is a small effect) 
the water content. For concrete that is old and beginning to deteriorate, 
the velocity may drop by 30 to 40 percent. Even in a single concrete 
sample, the velocity may vary by 5 percent in going from a surface to a 
center (9). 
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m, EXPERIMENTAL PROGRAM 



A preliminary attempt to solve, the problem through the use 
of eommercially available equipment was tiie obvious first step. Should 


this approach succeed, it would save the time and labor required for the 

\ 

design and . construcfioh of the necessary transducers.an^ assppiated: 
electronic eqifipment. The unit chosen for these tests was the Sperry . , 

Reflectoscope, Type UR v Qne of these units was rented from Sperry 
Products^ along, with one each of the one mcps (megacycle per second), 
the 5 mcps, and the 10 mcps associated transducers. Concrete samples, 

7 fBthe of an inch in diameter and haying lengths of from approximately 
1/4 inch to 6 inches, .were obtained fropn. the Nuclear Physics Section. 

No reflected waves were detectable- at any of the three 
frequencies.. This could, luivs been due to; 

1) Poor coupling between the transducer and the concrete sample, which 
would mean that the introduction of the energy into the concrete would 
be poor, as well as the reception of the reflected energy; 

2) Excessive absorption or scattering of the energy in the concrete; 

3) Poor refleetion at the far end of the concrete sample, and 

4) Inadequate power. 

With regard to the question of coupling, it was obvious that 
soipe .measure of contact was made* for the loading of the transducer due 
to the contact Could be observed in the change of shape of the initial pulse 
envelope, .yarious methods of coupling were tried; including oil, water, 
glycerine, water and glycerine (each in a thin film between the, transducer 
and the .sample), aud the same films with the additional insertion of a 
small rubber balloon containing oil,, the fransdueer being forced down to 
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place the oil under pressure. In no case vras any reflected wave bi^s'erved. 

It is inunediately obvious that one should expect a large amount 
of scattering in the concrete at the frequencies used, for the size of the 
pebbles in the sample ^e of the same order of magnitude as the wavelengths 
used. Moreover, although no complete set of measurements to show this 
were found in the literature, there is some indication that tiie attenuation 
rises as a function of frequency above 20 kcps. With the acqviisition of two 
0.5 rncps transducers and a second 1.0 mcps transducer for the Reflecto* 
scope, it was possible to attempt to measure the absorption and scattering 
as well as the velocity. This was done by driving one of the transducers 
with the Sperry Reflectoscope and using the second transducer, placed at 
the other end of the concrete sample, as a receiver. The delay time due 
to the travel and the amplitude of the signal at the receiving transducer 
were observed on a Tektronix 532 oscillbscope which was triggered by the 
pulse to the transmitting transducer. By these measurements it was hoped 
to be able to determine the absorption and the velocity of the xiltrasonic 
wave in the concrete sample. 

The velocity was fo\ind to be 4000 meters per second (1.60 x 
10^ inches per second, 13,300 feet per second) for both the 0.5 mcps and 
the 1*0 mcps waves. The voltage developed at the receiving transducer 
was plotted, in several different ways, as a function of the intervening 
length of concrete. No simple relation, which would hold over the range 
ofTengths hsed, was found between the two variables. It is believed that 
this was because of the small Cross-sectional area of the sample, due to 
an- effect that will be explained below. The experiment was also tried using 
a 100 kcps input to the transducer, witti similar results. 
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Tbie attenxiatidn measurements were repeated using a 

i' , ■ , , . ' , . . ■ I-,,' 

frequency source which was variable from 20 cps to 200 kcps. In the 
region from td kcps to 200 kcps* a plethora of peaks was found in the 
transznission versus frequency curve. However, these resonances were 
found to be independent of the length of the sample tested or the particular 
transducers used. It is believed that thdse resonances are due to higher 
modes of the cylinders, i. e** waves which are not plane lonjgitudinal 
waves down the cylinder. Thist along v/ith the possible presence of 
waves along the surface, is the probable explanation of the failure to 
obtain reasonable attenuation curves at tbe higher frequencies. It is felt 
that these problems will disappear with ithe use of samples and transducers 
of larger cross-sectional areas. 

A few tests were also n&ade on other materials besides the 
metols for which the Sperry Reflectoscope was designed. Visible reflections 
were obtained in a six inch piece of .granite and in a one inch thick clay tile. 
These results would indicate that any method that would be adequate for 
measui^g the thickness of concrete walls would work on other denser 
more homogeneous mineral building materials. 


IV. COHCLUSibHS 

-At first glance, the results of the tests on concrete with the 
Sperry Reflectoscope would seem to hold little hope for success. More 
careful examination, however, indicates that the problems can be solved, 
ah indication that is bom out by results reported in the literature. For 
example; in England, Bradfield has successfully measured the thickness 
of concrete in airplane runways by an echo-pulse method. His paper (3) 
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describing ihi 8, work is not ayadlab^ to the writer at the present time 
''^->\:.(it has'been.prdered)« hut thevbaaic design of the trwsdueer used is 
shown in another paper (4). Again*, for years one or another type of 
. . sonic lor uitrasonie method has been in nse foirl npn^destructiye tesi^g 
. of concrete* .Recently* Leslie and Cheesman (;^t 14) hayCj repbrted on 
: a porteble unit capable of sending, an ultrnsonip pulse through ^9 feet pjf 
. iiconerete in dams and detec^g it at the far end. JoneS;(9.! 

-.. .9v ;i0) has reported on simitar work for shorter distances ip concrete 

' *. ■ t • ' . ■ . ‘ . ■ : ; 1 , I < . • . i . ■ . 1 J 1 .. 

' ■■roads;.!..;. ■ . , . . i . : . ■ ■ 


.Because some, of the rejterences ave not available 


iiitwo the Unayaiiable references, are on order) and because Pf the ... 
necessary incompleteness pf the experimental investigation' to date* it is 
impossible to completely- describe* at the date of this report* all Of the 
. 1 1 finhi P^spertieS: of the equipment necessary for thickness naeasurements. 
.. However* from the preliminary experiments made at aad from the , 
results to, date of the literature survey* , the following statements, tnhy be 
■■...made: V i • ■ .. . i 


!> 1) ; The objectives outlined in: the introduction can be met. 

2) The frequency used will be in the range frons 2D kcps to a maxi mum 
, ; . of 200 kepsi 

3) Larger transducers will have to be used* probably being made of 


barium titanate ceramics and haying a transmitting area of several 

' . ■ , ■ . '■ ■ . ‘ ' t , ■ 

square -inches i .■ ■,, •• i, , .iv. .. 

4) A more. thorough investigation is needed to determine the relative 
. . .< merits of the, . echo-pulse method and the resommce method* altiiough 
. - .at present the echo-pulse method seems to have more advantageSf 
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The above etatementSf therefore « show a promising solution 
to this problem by the application of sonic techniques. 


Respectfully submitted. 

^ I 25X1 
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